In January 2003, St. Mary's Hospital Center in Montreal, Quebec, established an interdisciplinary Committee on the Systematic Approach to Medication Error Control to review the whole process of medication administration within the hospital and to develop a systematic approach to medication error control. A cross-sectional survey on medication administration practices, perceived sources of errors and medication error reporting of nurses, adapted from a nursing practice survey and medication variance report (Sim and Joyner 2002) , was conducted over a two-week period in February 2004. The results were analyzed by years of experience (greater or less than five years) and patient care unit of practice. The perceived source of error most often cited was transcription (processing), and the second most frequently cited source was the legibility of handwritten medication orders (prescribing).
tion administration practices have included the development of a nursing medication administration handbook, the revision of policies and procedures related to medication administration safety, the standardization of solutions and limited variety of high-risk medication dosages and the reduction of handwritten reorders. The need for ongoing education and information sessions on policies and procedures specific to safe medication practices for all nurses, regardless of years of experience, was identified.
This article made available to you compliments of Baxter Canada. Further posting, copying, distribution is copyright infringement. To order more copies go to www.longwoods.com or call 416-864-9667 S t. Mary's Hospital Center, located in Montreal, Quebec, is a 316-bed acute care, university-affiliated community hospital, with 65 beds designated for long-term care and a very large outpatient and family medicine program. The hospital has approximately 1,800 full-time and part-time employees, including about 618 registered nurses. In addition, there are roughly 254 active and 104 associate physicians practising at St. Mary's Hospital. The hospital provides a wide variety of acute, critical, emergency, cancer, mental health, maternal-child, surgical, medical care and diagnostic services, in addition to an active clinical teaching program.
The medication administration process, including the reporting and management of medication errors, was identified in 2002 by the hospital's Quality and Risk Management Coordinating Committee as a priority area for quality improvement. Starting in the spring of 2002, in-service education sessions were offered to every nurse on every shift to encourage the reporting of all adverse healthcare services-related events and, in particular, medication errors. In 2003 of all reported incidents and accidents were medication related; this percentage has fluctuated between 22 and 26% over the past three years. In 2003 ,902 medication orders were processed and administered; this increased to 767,829 (a 4.8% increase) by 2006-2007. In January of 2003, a Committee on the Systematic Approach to Medication Error Control was established and mandated to review the whole process of medication administration within the hospital and to develop a systematic approach to medication error control, as outlined by Anderson and Webster (2001) and Kohn et al. (1999) . This committee was composed of a physician, a nurse, a nurse manager, the chief pharmacist and a quality analyst. As part of this mandate, a cross-sectional survey of nurses on medication administration practices was conducted in February 2004. The objectives of the survey were to (1) describe nurses' perceptions of medication administration practices, reporting of errors and sources of medication errors and (2) describe the relationships between nurses' perceptions and their years of experience and the patient care unit on which they worked.
Prior research has addressed responses to observed medication errors (Kazaoka 2007; McBride-Henry and Foureur 2006; Nicholson 2006) , incident reporting (Cohen et al. 2003; Mayo and Duncan 2004) , safety practices in medication administration (Cohen et al. 2003; O'Shea 1999; Sim and Joyner 2002; Winson 1991) , perceived sources of errors (Hicks et al. 2004; Leape et al. 1995; Mayo and Duncan 2004; Osborne 1999) and the impact of mentorship programs on new nurses (Casey et al. 2004; Duchscher and Cowin 2006; Stewart and Kreuger 1996; Thomka 2001; Thomka 2007) . Literature has shown that senior nurses, as preceptors, may take risks as a result of their comfort or familiarity with the medication process, and junior nurses, as "preceptees," may feel pressured to emulate the practices of the senior nurses, thus quickly adopting and fitting into the culture of the patient care unit (Thomka 2007) . To our knowledge, no studies have examined both nursing perceptions and medication safety practices by years of experience.
Methods
All registered nurses regardless of status or shift and in all patient care areas where nurses administer medications were asked to participate. Nurse managers, supervisors, liaison nurses and nurses working in areas where no medications are administered were excluded from the study. From the initial total of 618 registered nurses, 508 qualified for the study. Of these, 122 were excluded as they were on a leave of absence, sick leave or vacation, unavailable, participated in the pretest or refused. The final number of questionnaires distributed was 386 and, of these, 205 were returned. The information collected was nonnominative, ensuring the anonymity of respondents.
In December 2003, the survey was pretested in a focus group consisting of 10 members of the Professional Nurses Practice Committee (PNPC). Based on their feedback, the survey was revised to improve clarity and ensure anonymity of the respondents. Over a two-week period in February 2004, all unit PNPC representatives were given questionnaires to distribute in their own patient care unit or clinical area. All nurses were approached at work to complete the survey. The PNPC representative recorded distribution data. A self-addressed return envelope was attached to each questionnaire. Each unit or area was canvassed several times over a two-week period to maximize distribution over weekends and all shifts.
The questionnaire consisted of multiple-choice and openended questions (Figure 1 ) directed toward current practice, perceptions of sources of error, error reporting practices and demographic information. Eight questions on current practice were adapted and expanded from a seven-question medication administration practice survey developed by a community hospital in the United States (Sim and Joyner 2002) . Possible responses were always, frequently, about half the time, rarely and never. For the analyses, these responses were coded from one to five, respectively, for good/favourable medication practices (questions 1, 3, 4, 5, 7 and 8); responses for two questions (questions 2 and 6; see Figure 1 ) were reverse-coded for poor/ unfavourable practices. Medication error reporting behaviour was examined through the use of a single multiple-choice question with a five-point response scale from always to never.
Nurses were then asked to select what they perceived as the six most common sources of error from a checklist of 16 specific causes of errors. They also had the opportunity to list three other causes of errors. When possible, the other causes of errors mentioned by nurses were recoded into the 16 specified causes within the survey. The perceived sources of medication errors X a) computer entry error (processing) X k) miscalculation (administering) X b) transcription error (processing) X l) procedure/policy not followed (administering) X c) no order sent to/received by pharmacy (processing) X m) filled incorrectly (dispensing)
X e) legibility (prescribing) X o) names of meds look alike (dispensing) X f) incorrect order (prescribing) X p) labels of meds look alike (dispensing) X g) confusing order/instructions (prescribing) X q) other, specify:________________________ X h) misunderstood verbal order (prescribing) X r) other, specify:________________________
Reporting Errors: I report medication errors using the Incident/Accident form (AH223 were then grouped into five categories: processing (four specific causes), prescribing (four causes), administering (four causes), dispensing (four cause) and other (three causes). The proportions of errors in the first four categories were calculated for each nurse as the sum of errors in that category divided by the total potential causes in the category. Further details about the methods used are presented in Appendix A.
Results
Among the 205 questionnaires received, 144 with complete data on medication practices, years of experience and hospital unit were retained for the principal components analysis (Table  1) . Two factor solutions emerged from the principal components analysis, named "dosage care" (with three items) and "right patient" (with four items), and two single items assessed "preparing/carrying medications" and "error reporting." "Error reporting" had the lowest mean (1.7 on a scale from one to five), indicating the most favourable medication practice (Table 2) . At the other extreme, "preparing/carrying medications" showed the worst level (mean of 3.5). Work unit was significantly associated with "dosage care," "right patient" and "preparing/carrying medications," whereas years of experience was not associated with any of the four behaviour scales. After applying Bonferroni correction, "dosage care" had more favourable scores in the maternal-child and surgical units and less favourable scores in the critical care, emergency and medical units. On the other hand, "right patient" had significantly more favourable scores in the emergency, medical and surgical units and less favourable scores in the maternal-child unit. The mean score for "preparing/carrying medications" was more favourable in the critical care and maternal-child units and less favourable in emergency, medical and surgical units.
Errors related to transcribing were the most frequently reported, followed by errors involving legibility and distractions.
The top three perceived sources of errors were transcribing (processing), legibility (prescribing) and distractions (administering) (Table 3 ). For the category "administering," there were no significant differences for results between patient care units (Table 4) . However, for perceived transcribing errors (processing), the maternal-child unit responded more favourably than did the medical and surgical units.The perception of legibility (prescribing) being an important source of error was significantly stronger in the emergency unit than in the medical units. As shown in Table  4 , the perception that medication processing and prescribing were sources of errors was associated with patient care units. After applying the Bonferroni correction, the maternal-child unit had a significantly lower mean score on medication processing than did the medical and surgical units. The medical unit had a significantly lower mean score on medication prescribing than did the emergency unit. Years of nursing experience was not associated with perceived sources of error.
Discussion
This cross-sectional survey among nurses in a university-affiliated general community hospital investigated self-reported medication practices and sources of error. Using sub-scales and items assessing different aspects of practice (dosage care, right patient, preparing/carrying medications and reporting errors) we were able to identify areas where practices may need improvement. Errors related to medication processing (transcribing) were the most frequently reported, followed by errors involving prescribing (legibility) and administering medications (distractions). Dispensing errors were the least frequent. This ranking of perceived causes of error differed minimally from results in the Mayo and Duncan (2003) study, where illegible handwriting (prescribing) ranked the highest, followed by distraction (administration). Differences among patient care units were found both in medication practices and perceived sources of error. These are likely explained by differences in the patient population and the types and number of medications used on particular patient care units. For example, the maternal-child care unit uses fewer medications than do other patient care units, with more standardized medications being prescribed. Patients within the maternal-child care unit are also less acute and, generally, a healthier population. These factors probably account for the more favourable scores on "dosage care." Maternal-child care units seldom use insulin or heparin. Interestingly, on some patient care units where nurses were more likely to prepare more than one patient medication at the same time, they took greater safety measures for patient identification. Notably, no relationships were found between medication practices or perceived sources of error by years of experience. This result is similar to results in both the Mayo and Duncan (2003) and the Osborne et al. (1999) studies, where no significant differences were noted in perceptions related to age and years of practice and medication errors. This study highlights the need for ongoing education programs on medication safety for all nurses, regardless of years of experience.
Since the administration of this survey, numerous measures have been put in place to facilitate medication administration and to reduce the probability of incidents or accidents involving the medication administration process. These include the generalized use of the seven-day computerized medication administration record (MAR) on almost all in-patient care units, with the exceptional use of the 24-hour MAR on the critical care and surgical units. In [2006] [2007] 282 ,740 new orders were automatically transcribed through the use of the computerized MAR, thereby eliminating manual transcriptions by nurses of medication orders. The use of mediplan®, used by nurses, on the patient care units and the medipharm® computerized medication reordering processes, used by pharmacists, has eliminated the legibility concerns for reorders. However, legibility concerns remain for new orders, which continue to be handwritten. Since 2006, intravenous heparin solution bags have been sent preprepared from the pharmacy to the patient care units. 
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Notably, no relationships were found between medication practices or perceived sources of error by years of experience.
The PNPC has developed a medication administration guidelines handbook for all nurses, as well as a two-volume comprehensive booklet titled Medication Administration (phases I and II). Both documents reinforce safe medication administration practices and review related policies and procedures as well as the incident/accident reporting process for medication errors. Policies and procedures were revised to better address safety issues in medication administration.
Furthermore, the previously existing mentorship program for the training of new nurses was standardized and improved to include an evaluation of the new employees' knowledge of the medication administration procedures. This allowed for a tailoring of the mentorship to each individual's needs while providing comprehensive training covering the essential elements common to all areas.
Frequent in-service education sessions are being offered to all nurses on all shifts to encourage reporting of healthcare servicesrelated incidents and accidents, possibly explaining the favourable scores overall on "error reporting." The systems approach to reducing errors was introduced at St. Mary's in 2002 and has been found to be an effective means to encourage incident/accident reporting.
Limitations
There were two identified limitations to this study. The first limitation was the grouping of practice experience into the broad categories of less than or more than five years, originally designed to ensure anonymity. A more graduated scale with a larger sample size to maintain anonymity may be more sensitive and helpful in determining the impact of practice experience on perceptions and actual practice.
The second limitation involved the use of a questionnaire survey which may have had an impact on the reporting of current practices and error reporting behaviours (sub-scales one to four). Direct observation has been found to be a more sensitive method for detecting medication administration behaviours. A subsequent study of medication administration practices comparing perceptions with observed behaviours and actual reported incidents may yield a more accurate portrait of current practices.
Conclusions
In spite of the limitations outlined above, this study demonstrates the need for more education for all nurses, taking into consideration the role adjustment period for new nurses as well as the time associated with preceptorship programs. The Mean proportion of dispensing errors = 0.12 (SD = 0.18)* MAR = medication administration record.
*Adjusting for the total numbers of opportunity.
authors acknowledge that more research is needed on the impact of senior nurses, preceptorship programs and patient care unit safety culture on the medication safety practices of junior nurses. Future research should use a more graduated scale for the years of experience and an observational approach to error reporting and practice behaviours. Survey of Nursing Perceptions of Medication Administration Practices, Perceived Sources of Errors and Reporting Behaviours Markirit Armutlu et al.
